Introduction {#S0001}
============

Anesthesia and surgery may deteriorate liver function in patients with elevated liver enzyme levels; therefore, in these patients, choosing anesthetics with less hepatotoxicity may be important. Halothane and other halogenated inhalational anesthetics are the most commonly used anesthetic agents, and these are known to cause hepatotoxicity because of their metabolites or immunogenic factors;[@CIT0001]--[@CIT0003] although the incidence of hepatotoxicity is not high.[@CIT0004] The latest anesthetic agents, including sevoflurane and desflurane, are associated with less hepatotoxicity, although rare cases of acute liver injury have been reported with these agents.[@CIT0005]--[@CIT0007] In contrast, the possibility of liver damage from anesthetic metabolites is expected to be lower for total intravenous anesthesia (TIVA) with propofol; moreover, hemodynamic stability is noted for TIVA with propofol.[@CIT0008] In addition, propofol is an excellent anesthetic agent for patients with liver disease because of its short half-life even in patients with decompensated cirrhosis.[@CIT0009] Therefore, TIVA with propofol is likely to be safer in patients with preoperatively elevated liver transaminase levels, which might suggest liver damage. However, only a few studies have investigated the effects of TIVA compared to those of inhalation anesthesia (INHA) on the postoperative liver function in these patients.

Therefore, the present study was performed to compare the effect of TIVA and INHA on the postoperative liver function in patients with preoperatively elevated liver transaminase levels who underwent surgery under general anesthesia. We hypothesized that TIVA would induce less hepatotoxicity in terms of the liver function test (LFT) values compared to INHA after surgery under general anesthesia. In this study, we compared the changes in the aspartate transaminase (AST) or alanine transaminase (ALT) levels measured within 24 hrs before and after surgery, as well as other postoperative outcomes, such as peak AST and ALT levels within 3 days after surgery, 30-day mortality, and length of postoperative hospital stay, between the two groups.

Materials and Methods {#S0002}
=====================

Data Sources and Study Population {#S0002-S2001}
---------------------------------

This single-center retrospective cohort study was performed at the Korea University Guro Hospital in Seoul, Republic of Korea. The study was approved by the Korea University Guro Hospital Institutional Review Board (2017GR0105) and was registered at UMIN-CTR Clinical Trial (UMIN000038949). Considering the retrospective design of this study performed by reviewing existed chart without direct patient contact and without any study-related measures that directly affected the patient, the need for obtaining informed consent was waived by the institutional review board. The patient data were anonymized and maintained with confidentiality, and this study was conducted in compliance with the Declaration of Helsinki.

We reviewed the electronic charts of all patients who underwent surgery under general anesthesia at the Korea University Guro Hospital between December 2016 and November 2017. All cases involving patients aged more than 18 years with preoperatively elevated liver enzyme levels (AST \> 40 U/L or ALT \> 40 U/L) within 24 hrs before non-hepatic surgeries were selected. In hepatic surgery, the surgery itself could directly affect the liver function; therefore, cases involving hepatic surgeries that offered limited scope to analyze the effects of anesthetics were excluded. Cases wherein surgeries were performed using anesthetic methods that were not clearly identified as TIVA or INHA, such as heart surgery or cesarean section, were also excluded. Cases of neuromuscular diseases were also excluded because ALT and AST could leak out of the damaged muscles and possibly confound the result. The included patients were allocated to the TIVA or INHA group according to the type of anesthetic used for the maintenance of anesthesia.

Study Outcomes {#S0002-S2002}
--------------

The data on the baseline characteristics were collected, including age, sex, body mass index (BMI; kg/m^2^), American Society of Anesthesiologists (ASA) physical status, comorbidities (hypertension, diabetes mellitus, ischemic heart disease \[from stable angina to myocardial infarction\], pulmonary disease, cerebrovascular disease, and cancer), type of surgery, operation time, anesthesia time, and preoperative use of any hepatoprotective agents. Fluid balance during surgery, volume of red blood cell transfusion, incidence of intraoperative hypotensive events (decrease of greater than 30% from the baseline mean arterial pressure), and use of vasopressors were assessed as intraoperative variables. Fluid balance during surgery was calculated according to the equation used in previous studies,[@CIT0010],[@CIT0011] and the period of fluid administration by the duration of anesthesia was set as follows:

Fluid balance during surgery (%) = (fluid input ‒ output in liters) × 100%/hospital admission weight (kg)/duration of anesthesia (hour).

We compared the changes (% increase or decrease) in the liver enzyme levels (ALT and AST) measured within 24 hrs before and after surgery. The liver enzyme level measured at the time closest to the start of the surgery within 24 hrs before surgery was considered the preoperative value, and the level measured at the time closest to the end of the surgery within 24 hrs after surgery was considered the postoperative value. Moreover, the follow-up enzyme level was measured within 3 days after surgery and was used to calculate the peak AST and ALT levels within 3 days after surgery. The follow-up period was set to 3 days according to the method for causality assessment of adverse drug reactions score which values higher score for the time onset of reaction within 3 days.[@CIT0012] As a subset analysis, the patients with postoperative ALT level increase of more than 200 U/L being 5 times the upper limit of the normal range (40 U/L) that corresponded to the cutoff level of ALT elevation with clinically significant drug-induced liver injury were inspected.[@CIT0012],[@CIT0013] The primary outcome was the change in the ALT level within 24 hrs before and after surgery, and the secondary outcomes were the change in the AST level within 24 hrs before and after surgery, peak AST and ALT levels within 3 days after surgery. Additional postoperative outcomes, including 30-day mortality and the length of postoperative hospital stay, which was calculated from the day of the surgery to the day of discharge, were compared between the two groups as secondary outcomes.

Statistical Analysis {#S0002-S2003}
--------------------

For comparisons, the Mann--Whitney *U*-test was used for continuous variables, including age, BMI, anesthesia and operation times, volume of red blood cell transfusion, estimated blood loss, fluid balance, length of postoperative hospital stay, and AST and ALT levels, whereas the chi-square test or Fisher's exact test was used for categorical variables, including sex, ASA physical status, comorbidities, suspected cause of elevated LFT values, use of hepatoprotective agents, type of surgery, red blood cell transfusion rate, hypotensive events, use of intraoperative vasopressors, 30-day mortality. Data are presented as median with interquartile ranges for continuous variables and as numbers and percentages for categorical variables.

Propensity scores were derived using separate logistic regression models including confounding factors, such as sex, age, BMI, ASA physical status, preoperative hepatoprotective medications, and type of surgery. Propensity scores were matched to obtain matched patient pairs for reducing selection bias and the effect of confounding factors. A 1:4 matching with a 0.1 caliper by using the nearest neighbor method was applied to avoid significant data loss and to increase analytical precision because unmatched data would be discarded.

Statistical analyses were performed using IBM SPSS Statistics for Windows, Version 20.0 (IBM Corp., Armonk, NY, USA), and the R program (version 3.5.2; R Development Core Team, Vienna, Austria; [[www.r-project.org](http://www.r-project.org)]{.ul}) was used as a propensity score matching tool. *P* values were two-sided, and a *P* value of less than 0.05 was considered statistically significant.

Results {#S0003}
=======

Baseline Characteristics {#S0003-S2001}
------------------------

A total of 12,372 patients was operated under general anesthesia between December 2016 and November 2017. Among these, 11,282 patients with preoperative LFT values within the normal range were excluded. Thereafter, we excluded 29 patients aged \<18 years, 109 patients who were undergoing hepatic surgery (n = 61), cardiac surgery (n = 25), and cesarean section (n = 23), 4 patients with neuromuscular disease, and 218 patients whose LFT values were not measured within 24 hrs after surgery. Finally, 730 patients were analyzed in this study. The flowchart illustrating the selection of the study population is shown in [Figure 1](#F0001){ref-type="fig"}.Figure 1Flowchart for study population selection.**Abbreviations:** TIVA, total intravenous anesthesia; INHA, inhalation anesthesia; LFT, liver function test; AST, aspartate transaminase; ALT, alanine transaminase.

Of these 730 patients, 138 (18.9%) were allocated to the TIVA group and 592 (81.1%) to the INHA group (434 in desflurane and 158 in sevoflurane). Demographic data, including age, BMI, sex, and suspected cause of elevated liver enzyme levels, were comparable between the TIVA and INHA groups; however, the proportion of patients with ASA physical status ≥III was higher in the TIVA group. Preoperative comorbidities were also comparable between the two groups, except for the greater incidence of cerebrovascular disease in the TIVA group ([Table 1](#T0001){ref-type="table"}).Table 1Baseline Characteristics of Study PopulationVariablesBefore Propensity Score MatchingAfter Propensity Score MatchingINHA (n=592)TIVA (n=138)P valueINHA (n=376)TIVA (n=94)P valueAge (years)57 (44--68)59.5 (47--69)0.34257 (44--68)58 (43--69)0.930BMI (kg/m^2^)25.2 (22.5--27.7)24.8 (22.1--27.5)0.27025 (23--28)25 (22--28)0.757Sex, male395 (66.7%)95 (68.8%)0.688276 (73.4%)68 (72.3%)0.856ASA physical status0.0440.342 I72 (12.2%)11 (8.0%)45 (12.0%)7 (12.0%) II368 (62.2%)78 (56.5%)214 (56.9%)60 (63.8%) ≥III152 (25.7%)49 (35.5%)117 (31.1%)27 (28.7%)Comorbidities Hypertension169 (28.5%)49 (35.5%)0.121102 (27.1%)29 (30.9%)0.520 Diabetes mellitus78 (13.2%)18 (13.0%)1.00047 (12.5%)12 (12.8%)1.000 Ischemic heart47 (7.9%)15 (10.9%)0.30828 (7.4%)7 (7.4%)1.000 Cerebrovascular42 (7.1%)23 (16.7%)0.00129 (7.7%)10 (10.6%)0.402 Kidney19 (3.2%)1 (0.7%)0.14717 (4.5%)1 (1.1%)0.143 Pulmonary30 (5.1%)9 (6.5%)0.52819 (5.1%)7 (7.4%)0.447 Cancer31 (5.2%)5 (3.6%)0.51917 (4.5%)3 (3.2%)0.777Suspected cause of elevated LFT0.0700.147 Viral hepatitis (B or C)42 (7.1%)4 (2.9%)26 (7.0%)3 (3.2%) Alcoholic liver12 (2.0%)4 (2.9%)6 (1.6%)1 (1.1%) NAFLD62 (10.9%)15 (10.9%)33 (8.9%)10 (10.6%) Biliary disorder105 (17.9%)20 (14.5%)50 (13.4%)20 (21.3%) Drug-induced injury9 (1.5%)6 (4.3%)7 (1.9%)34 (4.3%) Ischemic injury3 (0.5%)0 (0%)2 (0.5%)0 (0%) Liver trauma6 (1.09%)3 (2.2%)4 (1.1%)3 (3.2%) Hepatic masses7 (1.2%)1 (0.7%)1 (0.3%)1 (1.1%) Tissue injury24 (4.1%)7 (5.1%)19 (5.1%)7 (7.4%) Liver cirrhosis5 (0.9%)5 (3.6%)4 (1.1%)2 (2.1%) Non-specific or Un-evaluated313 (53.2%)73 (52.9%)220 (59.1%)43 (45.7%)Hepatoprotective agent114 (19.5%)37 (27.2%)0.061106 (28.2%)28 (29.8%)0.799[^1]

The preoperative use of hepatoprotective agents, such as ursodeoxycholic acid, l-ornithine-l-aspartate, flavin adenine dinucleotide, and biphenyl dimethyl dicarboxylate, was not significantly different between the two groups.

After propensity score matching, 94 patients in the TIVA group and 376 in the INHA group (272 in desflurane and 104 in sevoflurane) were included for further analysis. No significant differences were observed in any of the variables associated with the baseline characteristics between the two groups ([Table 1](#T0001){ref-type="table"}).

Analysis of Surgical Variables, LFT Changes, and Other Postoperative Outcomes Before Propensity Score Matching {#S0003-S2002}
--------------------------------------------------------------------------------------------------------------

The TIVA and INHA groups showed significant differences in the types of surgery. About half (52.9%) of the patients in the TIVA group underwent neurosurgeries, including brain and spine surgeries, for which the operation time was relatively longer than that for other surgeries; however, only 19.7% of the patients in the IHNA group underwent neurosurgery ([Table 2](#T0002){ref-type="table"}). The median anesthesia and operation times were significantly longer in the TIVA group than in the INHA group (245 and 167.5 min vs 150 and 100 min, *P* \< 0.001, respectively; [Table 2](#T0002){ref-type="table"}).Table 2Surgical Variables and Other Postoperative OutcomesVariablesBefore Propensity Score MatchingAfter Propensity Score MatchingINHA (n=592)TIVA (n=138)P valueINHA (n=376)TIVA (n=94)P valueType of surgery\<0.0010.065 Spine73 (12.3%)46 (33.3%)72 (19.1%)22 (23.4%) Brain44 (7.4%)27 (19.6%)44 (11.7%)7 (13.7%) Orthopedic224 (37.8%)32 (23.2%)153 (40.7%)32 (34.0%) Abdominal188 (31.8%)23 (16.6%)77 (20.5%)23 (23.0%) GU or OBGY37 (6.3%)2 (1.4%)12 (3.2%)2 (2.1%) Thoracic13 (2.2%)6 (4.3%)8 (57.1%)6 (42.9%) Others13 (2.2%)2 (1.4%)10 (2.7%)2 (2.1%)Emergency operation89 (15.0%)26 (18.8%)0.29959 (15.7%)15 (16.0%)1.000Anesthesia time (min)150 (95--235)245 (150--350)\<0.001170 (105--262.5)210 (115--315)0.034Operation time (min)100 (55--180)167.5 (100--270)\<0.001119 (63.5--204.5)152.5 (75--240)0.079RBC transfusion94 (15.9%)34 (24.6%)0.01870 (18.6%)24 (25.5%)0.150RBC transfusion (packs)2.1 (1.3--3.6)2.0 (1.0--3.2)0.5602.15 (1.2--3.6)2.0 (1.15--3.6)0.787Estimated blood loss (mL)700 (500--1000)800 (500--1500)0.222800 (500--1000)1000 (600--1500)0.168Fluid balance (%)2.58 (1.51--4.25)3.22 (1.37--4.8)0.0642.58 (1.46--4.32)3.22 (1.37--5.05)0.144Hypotensive event0.0180.284 None438 (74.0%)88 (63.8%)268 (71.3%)67 (71.3%) 1--277 (13.0%)29 (21.0%)84 (22.3%)17 (18.1%) \>277 (13.0%)21 (15.2%)24 (6.4%)10 (10.6%)Vasopressor use97 (16.4%)35 (25.4%)0.01965 (17.3%)21 (22.3%)0.296Post-op length of stay (days)7 (4--14)10.5 (6--23)\<0.0018 (4--16)9 (4--20)0.21430-day mortality16 (2.7%)5 (3.6%)0.57212 (3.2%)3 (3.2%)1.000[^2]

The red blood cell transfusion rate was higher in the TIVA group than in the INHA group (24.6% vs 15.9%). The volume of red blood cell transfusion, estimated blood loss, and fluid balance was not different between the groups. The incidence of hypotensive events and of the use of vasopressors during surgery was also higher in the TIVA group. The lengths of postoperative hospital stay were higher in the TIVA group, but 30-day mortality rates were comparable between the two groups ([Table 2](#T0002){ref-type="table"}). Among the 21 patients who died, 8 patients died of bleeding; 4 patients, cancer metastasis; 4 patients, sepsis; 3 patients; respiratory failure; and 1 patient, liver cirrhosis aggravation to hepatic encephalopathy (this patient underwent burr-hole surgery under sevoflurane anesthesia).

The median values of AST and ALT changes between 24 hrs before and after surgery in the TIVA and INHA groups were negative (the postoperative values were lower than the preoperative values). Moreover, the AST and ALT level change was significantly lower in the TIVA group than in the INHA group (−8.25% vs −4.20%, *P* = 0.038; and −16.2% vs −10.0%, *P* = 0.004, respectively).

The preoperative AST and ALT levels and postoperative ALT levels were significantly higher in the TIVA group, but the postoperative AST levels were not different between the two groups. The peak AST and ALT levels within 3 days after surgery were significantly higher in the TIVA group than in the INHA group ([Table 3](#T0003){ref-type="table"}).Table 3Changes of Aspartate Transaminase and Alanine TransaminaseVariablesBefore Propensity Score MatchingAfter Propensity Score MatchingINHA (n=592)TIVA (n=138)P valueINHA (n=376)TIVA (n=94)P valueAST change (%)−4.20 (−24.4--35.0)−8.25 (−27.3--15.7)0.038−6.2 (−25--21.5)−8.0 (−26.2--11.0)0.324ALT change (%)−10.0 (−27.9--10.2)−16.2 (−31.9-- −3.8)0.004−12.0 (−28.6--6.5)−16.7 (−32-- −4)0.025Pre-operative AST (U/L)44 (34--58)51 (38--76)\<0.00145 (36--58.5)54 (38--82)0.001 ALT (U/L)51 (41--70)65 (46--95)\<0.00150 (39.5--69)75 (53--116)\<0.001Post-operative AST (U/L)43 (31--68.5)51 (34--76)0.07243 (31--66)52.5 (38--82)0.016 ALT (U/L)46 (31--71)51.5 (35--88)0.03043 (30.5--66)61 (39--109)\<0.001Peak value within 3 days after surgery AST (U/L)44.5 (32--71)54 (38--81)0.00844 (31--68)54.5 (47.5--89)0.013 ALT (U/L)48 (31--73)57.5 (36--92)0.00544 (31--68)62.5 (41--115)\<0.001[^3]

The postoperative ALT levels exceeding 200 U/L were noted in 15 patients (9 in the INHA group and 6 in the TIVA group). Two patients in the INHA group were received emergent brain surgery, and other seven patients in the INHA group and all the six patients in the TIVA group were received elective abdominal surgery. The six patients in the TIVA group had preoperative ALT levels of more than 200 U/L. In contrast, among the nine patients in the INHA group, three patients had preoperative ALT levels less than 100 U/L, but these increased to more than 200 U/L ([Figure 2](#F0002){ref-type="fig"}). The ALT levels in these 15 patients recovered to the normal range during the hospitalization period, except in one patient who underwent brain surgery under sevoflurane anesthesia and died of massive bleeding during and after the surgery.Figure 2Change in aspartate transaminase and alanine transaminase levels in the 15 patients with post-operative alanine transaminase values exceeding 200 U/L.**Abbreviations:** TIVA, total intravenous anesthesia; INHA, inhalation anesthesia.

Analysis After Propensity Score Matching of Surgical Variables, LFT Changes, and Other Postoperative Outcomes {#S0003-S2003}
-------------------------------------------------------------------------------------------------------------

After propensity score matching between the TIVA and INHA groups, no significant differences were observed in the variables that were different between the groups before matching, including the types of surgery, red blood cell transfusion rate, incidence of intraoperative hypotensive events and use of vasopressors, and length of postoperative hospital stay. The volume of red blood cell transfusion, estimated blood loss, fluid balance, and 30-day mortality rate were not different between the two groups, as observed before propensity score matching. However, the longer anesthesia time was still not compensated for despite propensity score matching ([Table 2](#T0002){ref-type="table"}).

The median values of the changes in the AST and ALT levels within 24 hrs before and after surgery in the TIVA and INHA groups were negative (the postoperative values were lower than the preoperative values). Moreover, the ALT level changes were significantly lower in the TIVA group than in the INHA group (−16.7% vs −12.0%, *P* = 0.025). The AST level changes were lower in the TIVA group than in the INHA group, but the difference was not statistically significant (−8.0% vs −6.2%, *P* = 0.324; [Table 3](#T0003){ref-type="table"}).

The preoperative and postoperative AST and ALT levels, and the peak AST and ALT levels within 3 days after surgery were significantly higher in the TIVA group than in the INHA group ([Table 3](#T0003){ref-type="table"}).

Discussion {#S0004}
==========

In the present study, the changes of ALT and AST level after surgery were significantly lower after TIVA than after INHA in patients with preoperatively elevated liver transaminase levels who underwent non-hepatic surgeries, despite having longer anesthesia time, higher incidence of hypotensive events, and more use of vasopressors. However, the presence of higher heterogeneity in the surgical conditions before propensity score matching should be considered. After propensity score matching, although the longer anesthesia time in the TIVA group still existed, the change of ALT level after surgery was more significantly lowered by TIVA than by INHA.

Some studies have investigated the association between the type of anesthetic agents and postoperative liver function in hepatic surgery, but their findings remain controversial.[@CIT0014]--[@CIT0017] A study comparing LFT values between desflurane anesthesia and TIVA showed that liver transaminase levels were not different between the two types of anesthesia after right hepatectomy in liver donors.[@CIT0014] However, another study revealed isoflurane anesthesia was associated with less postoperative hepatocellular injury than was TIVA in patients with cirrhosis undergoing partial hepatectomy.[@CIT0015] In hepatic surgery, the reasons for postoperative liver dysfunction include surgical trauma, ischemia, hepatic mass reduction, hepatic oxygen deprivation, and stress response.[@CIT0018] In addition, during liver resection, hepatic inflow occlusion may be required to facilitate the procedure, and this may result in transient ischemia. This can cause liver injury and lead to postoperative liver function impairment.[@CIT0019] Therefore, in our study, hepatic surgery was not included in the analysis to compare the effect of the different types of anesthesia (TIVA versus INHA), in order to avoid the direct effect of hepatic surgery on liver function.

A few studies have investigated the effects of different types of anesthetic agents, especially intravenous versus inhalational agents, on postoperative liver function after non-hepatic surgery, but the effects have remained unclear. Two studies performed on patients with preoperative LFT values in the normal range showed no difference in ALT level changes after surgery between sevoflurane anesthesia and TIVA.[@CIT0020],[@CIT0021] Unlike these previous studies, our study included patients whose LFT values were not within normal limits 24 hrs prior to non-hepatic surgery.

Liver injury, whether acute or chronic, eventually causes an increase in serum transaminase levels. Both AST and ALT are highly concentrated in the liver. AST is also diffusely present in the heart, skeletal muscles, kidneys, brain, and red blood cells, but ALT has low concentrations in the skeletal muscles and kidneys. Therefore, an increase in ALT levels is more specific to liver injury.[@CIT0022] This is why we considered ALT level as the primary outcome in our study.

Halogenated inhalational anesthetics can cause metabolic hepatocellular injuries in humans, ranging from simple ALT elevations to fulminant hepatitis and fatal hepatic necrosis.[@CIT0023] No cases of fulminant hepatitis after surgery were noted in our cohort, but 15 patients (2%) had significant liver injury, with an ALT level increase of more than 200 U/L (exceeding 5 times the upper limit of the normal range) which implies clinically significant drug-induced liver injury.[@CIT0012] Of these 15 patients, 9 were in the INHA group and 6 in the TIVA group. However, in the INHA group, 3 patients had preoperative ALT levels under 100 U/L, while in the TIVA group, the preoperative ALT levels of all 6 patients were already more than 200 U/L. This finding suggests that TIVA might be safer than INHA in these patients.

Postoperative LFT values tend to increase immediately after surgery under general anesthesia in patients with normal preoperative LFT values.[@CIT0020],[@CIT0021] However, in our cohort study, postoperative LFT values tended to decrease, and a similar tendency has been shown by a previous retrospective study of 91 patients with preoperatively elevated liver enzyme levels.[@CIT0024] We speculated one of the reasons was that in patients with elevated liver enzyme levels, the health-care providers tried to optimize the patients' hepatic function as much as possible before surgery and sometimes delayed the surgery until the patients' conditions recovered if the surgery was not urgent. The use of hepatoprotective agents is an option for optimizing hepatic function. More than 20% of patients in our cohort were treated using hepatoprotective agents. Their use was not significantly different in both the groups, and this seemed to similarly affect both the groups.

The greater postoperative decrease in the ALT levels in the TIVA group than in the INHA group may be associated with the effect of propofol itself. Propofol has been shown to have organ-protective effects owing to its anti-inflammatory, immune-modulatory, and antioxidant properties.[@CIT0025],[@CIT0026] Additionally, propofol increases total hepatic blood flow in both hepatic arterial and portal venous circulation,[@CIT0027],[@CIT0028] whereas volatile anesthetics decrease the mean arterial pressure and hepatic blood flow.[@CIT0029],[@CIT0030] Although the pathophysiology of liver injury following exposure to halogenated anesthetics is mainly attributed to their metabolism to hepatotoxic trifluoroacylated hepatic protein adducts by cytochrome P450 2E1 in genetically predisposed individuals, anesthetics can also affect the liver function by decreasing the cardiac output and total hepatic blood flow.[@CIT0031]

Before propensity score matching of the cohort, the number of neurosurgeries, including brain and spine surgeries, was larger in the TIVA group. This is because intraoperative neurophysiological monitoring, such as motor-evoked potentials, was usually adopted in neurosurgery, which was performed under TIVA while avoiding inhalational anesthetics because INHA interferes with such monitoring.[@CIT0032]

Preoperative AST and ALT levels were higher in the TIVA group than in the INHA group. This reflects the practice of health-care providers at our center, wherein they avoid INHA but prefer TIVA in patients with high LFT values owing to concerns about the risk of volatile anesthetic-induced hepatotoxicity. To compensate for the different preoperative values, we compared the outcome as the change (%) in the values before and after exposure to anesthetics rather than the actual LFT values.

Although propensity score matching was performed to compensate for the heterogeneity of preoperative conditions, the longer duration of anesthesia in the TIVA group still remained. Although the elimination kinetic profile of propofol is similar in patients with liver disease and normal patients, the mean clinical recovery time after the discontinuation of infusions may be longer in patients with liver disease.[@CIT0033] Considering that the longer duration of anesthesia can be disadvantageous to the clinical outcomes in patients with liver disease,[@CIT0034] conversely, this result may prove the superiority of TIVA over INHA from the perspective of liver function in patients with preoperatively elevated liver transaminase levels.

Ziser et al retrospectively investigated the records of 733 patients with liver cirrhosis who underwent surgery, except liver transplantation, during a 11-year period.[@CIT0035] The 30-day mortality rate after surgery was 11.6%. Among the patients who had died, postoperative bleeding, renal failure, and sepsis were commonly noted. In our cohort, the 30-day mortality rate was 2.9% (21/730), and postoperative bleeding, cancer metastasis, and sepsis were the main reasons for mortality. A patient with underlying liver cirrhosis who had received INHA (sevoflurane) died of hepatic encephalopathy due to underlying liver cirrhosis aggravation, even though the patient's AST level increased only up to 100 U/L and the ALT level up to 41 U/L after surgery. Patients with chronic liver cirrhosis often have only slightly elevated serum AST and ALT levels,[@CIT0036] as seen in the above case. In this regard, AST and ALT lack some sensitivity in detecting chronic liver disease. To assess overall liver function, integrating information, including albumin, bilirubin, alkaline phosphatase, and gamma-glutamyl transpeptidase levels, prothrombin time, and symptoms of ascites or encephalopathy, could be helpful. However, owing to the retrospective nature of this study, integrating such information was difficult; therefore, LFT values were assessed as these are the most commonly adopted laboratory values for evaluating liver injury.

This study has some limitations. First, data quality or accuracy may be more compromised in a retrospective study than in a prospective study. Bias of nonrandomized groups and retrospective results may have been present. Second, as a single-center study, the generalizability of the results may be limited. Third, the proportion of patients who underwent TIVA was relatively small at 14.2%, and the proportion of patients who underwent neurosurgery was markedly higher in the TIVA group. Although propensity score matching was performed to compensate for this heterogeneity in conditions, many samples had to be discarded. Fourth, LFT values were followed up within 3 days after surgery; however, the hepatotoxicity may be delayed and missed at 3 days after surgery. Last, although TIVA showed superiority over INHA from the perspective of the LFT values, the other secondary outcomes, such as 30-day mortality and length of postoperative hospital stay, were not different between the groups in the propensity score-matched analysis. This result may suggest the anesthetics do not affect the long-term clinical outcomes in patients with elevated liver enzyme levels. Therefore, further well-designed studies are required to confirm the effect of anesthetics on liver function as well as long-term clinical outcomes.

Conclusion {#S0005}
==========

The analysis before and after propensity score matching revealed that the change of ALT level was significantly lower after TIVA than after INHA in patients with preoperatively elevated liver transaminase levels who underwent non-hepatic surgeries. This suggests that TIVA may be safer than INHA in these patients. Nevertheless, most patients in both groups had relatively healthy livers after surgery with lower AST and ALT values than before surgery. These findings may support the use of both types of anesthesia, TIVA and INHA, in patients who exhibit abnormal liver enzyme levels. Further well-designed prospective studies are warranted to verify this finding.
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[^1]: **Notes:** Values are median (interquartile range) or number of patients (%).

    **Abbreviations:** INHA, inhalation anesthesia group; TIVA, total intravenous group; BMI, body mass index; ASA, American Society of Anesthesiologists; LFT, liver function test; NAFLD, non-alcoholic fatty liver disease.

[^2]: **Notes:** Values are median (interquartile range) or number of patient. Fluid balance during surgery (%) = (cumulative fluid input ‒ output) in liter × 100/hospital admission weight (kg)/duration of anesthesia (hour) (%).

    **Abbreviations:** INHA, inhalation anesthesia group; TIVA, total intravenous group; GU, genitourinary; OBGY, obstetrics and gynecology; RBC, red blood cell; Post-op, post-operative.

[^3]: **Notes:** Values are median (interquartile range) or number of patient (%). AST change, the change in AST levels measured within 24 hrs before and after surgery; ALT change, the change in ALT levels measured within 24 hrs before and after surgery.

    **Abbreviations:** INHA, inhalation anesthesia group; TIVA, total intravenous group; ALT, alanine transaminase; AST, aspartate transaminase; ULN, upper limit of normal.
